A mineralogical study by the Bureau of Mines and the University of Utah of the shale beds on the 1600 ft level of the Ophir Hill mine, Utah, disclosed that the mieaeeous minerals in the shale were altered as a function of proximity to the sulfide ore zones.
INTRODUCTION
In cooperation with U.S. Smelting l~efining & Mining Co., the Bureau of Mines made a paragenesis study of the copper-lead-zinc-tungsten ore mineralization on the 1600 ft level of the Ophir Hill mine, Tooele County, Utah. This paper is based on a portion of a thesis submitted by the senior author to the University of Utah in partial fulfillment of the requirements for a Master of Science degree. A phase of this research involved a detailed study of the relation between the minable ore and alteration of the shale beds within the Cambrian Ophir formation.
The ore bodies in the Ophir Hill mine occur in four principal limestone layers of the Cambrian Ophir formation, which is composed of a series of alternating limestone and shale beds. The deposits were formed by replacement in and around the intersection of several narrow fissures with the limestone beds. The ore bodies are elongated down dip but are usually short along strike of the beds. The geology of the district and the Ophir Hill mine has been described by Gilluly (1932) .
The Ophir Hill mine is in Ophir Canyon on the west side of the Oquirrh Mountains about one-fourth mile northwest of the town of Ophir (Fig. 1) 
METHODS OF INVESTIGATION

Sa~npling
Chip samples of the shale beds overlying and underlying the exposed "Green" limestone layer were cut every 50 ft along the 1600 ft-level drift of the mine. Samples of shMe also were cut at 1 to 10 ft intervals from the core of a diamond-drill hole that was drilled northerly from the 1600 ft level at a 30 degree inclination. The locations of the diamond-drill hole, the chip samples, and the ore bodies exposed in the 1600 ft-level drift are shown in Fig. 2. 
x-Ray Diffraction Studies
Each sample was dried, crushed, pulverized and analyzed with an x-ray diffraction nnit, using copper X~ radiation. The various forms of sericite, chlorite and phlogopite in the shale samples were identified by determining the relative intensities of the 10.0 ~ and the 3.2 A peaks of the sericite and phlogopite and the 7/~ and 141 peaks of the chlorite. The presence of 7 chlorite in some samples was confirmed by analyzing duplicate portions that had been heated to 550~ for 2 hr to convert the 7-& chlorite to the 14 l polymorph. Identification of phlogopite was confirmed by chemical analysis of selected mineral grains.
1%ESULTS
A definite sequence of alteration of the micaceous minerals was noted in the 42 samples taken from the drift and drill core. The sequence from barren ground to ore was found to be as follows : Sericite 1Viodified 1 seriei~e Modified sericite and 7 i chlorite Modified sericite, 14/~ chlorite, and phlogopite 14A chlorite and phlogopite Phlogopite 2.
"
Modified " signifies only that the relative peak intensities have changed. 2 I~ (Li0.06 Mgx.sl A10.~7 ) (A1Sia) Oz0 (OH)z.
This sequence was not found in areas barren of ore. The changes in the micaceous minerals along the drift and in the drill core are shown diagrammaritally in Fig. 3 Tables ] and 2 .
and in
Using the data of Eugster (1954, 1955) for natural and synthetic muscovites and phlogopites, the sericite at some distance from ore in the mine was identified as an ordered two-layered monoclinic (2M) polymorph. This polymorph is the most stable form of muscovite at high temperatures but also persists at lower temperatures. The phlogopite found in or near the ore at the Ophir I-Iill mine is a one-layered monoclinie (1M) or three-layered trigonal (3T) polymorph, both of which are high-temperature forms. Both 7-~ and 14• polymorphs of chlorite were identified in the shales, with the 14 A variety occurring in close proximity to ore and the 7 ]~ variety between 10 and 15 ft from ore.
Plotting the relative intensities of the 10.0A and 3.2 ~ diffraction peaks with respect to the location of samples in the mine revealed that alteration of the micaceous minerals is a function of proximity to the sulfide ore. The results of this study are shown in Figs. 4 and 5. The intensities of the 3.2 peaks are omitted in Fig. 4 as the presence of coinciding quartz peaks interfere with interpretation. Quartz is concentrated in the vicinity of the dike along the 1600 ft level drift.
SUMMARY AND CONCLUSIONS
Alteration of micaceous minerals in the Ophir shale at the 1600 ft level of the Ophir Hill mine was studied by x-ray diffraction techniques and was found to increase, from barren ground to ore-bearing ground, in the following sequence: (1) sericite; (2) modified sericite; (3) modified sericite and 7.~ chlorite ; (4) modified sericite, 14 ~ chlorite, and phlogopite ; (5) 14 J~ chlorite and phlogopite ; and (6) phlogopite. The sericite in shale more than 100 ft from ore was unaltered. The chemical and structural changes resulting from alteration of the micaceous minerals by the ore solutions can be used to guide underground exploration for ore in the Ophir Hill mine. Further work will be necessary to determine if alteration of micaceous minerals can be used as a reliable guide for ore exploration in similar limestone replacement deposits. 
